quarter are northerly and southerly distributed in temperate waters. Remarkably, most species analyzed pertain to the last group because of their economic interest both for fisheries and farming, some of which are successfully cultured in farms. The position of Pleuronectiformes in relation to other major fish groups and the phylogenetic relationships within the order are still problematic. Most studies have been carried out based on morpho-anatomical characters (Hubbs, 1945; Lauder and Liem, 1983; Ahlstrom et al., 1984; Hensley and Ahlstrom, 1984; Chapleau, 1993) , and only a few molecular phylogenetic analyses have been performed to date on this order (Vernau et al., 1994; Tinti et al., 1999; Berendzen and Dimmick, 2002) .
One of the major questions concerning flatfish phylogeny is the presumptive monophyly of the order. This hypothesis is the most widely accepted, based on morphological data (Regan, 1910; Norman, 1934; Hubbs, 1945; Lauder and Liem, 1983; Hensley and Ahlstrom, 1984; Chapleau, 1993) . It is supported by the putative existence of three synapomorphic characters (Chapleau, 1993) : i) ontogeny characterized by migration of one eye, ii) anterior position of the origin of the dorsal fin, and iii) the presence of a recessus orbitalis (accessory organ associated with eyes), and also by molecular data in the recent study by Berendzen and Dimmick (2002) . However, Kyle (1921) , Chabanaud (1949) , and Amaoka (1969) , have claimed a polyphyletic origin, suggesting a multiple origin from different groups of symmetrical fishes.
Perciforms have long been suggested to be the sister group of Pleuronectiformes. Regan (1910) , Norman (1934) , Hubbs (1945) and Amaoka (1969) , have emphasized the relationship between Psettodes, the ancient representative of the order, and Perciformes. However, the anatomical evidence used to support this relationship is a combination of generalized percoid characters and the wide Percoidei group is most probably polyphyletic (Chapleau, 1993; Johnson and Patterson, 1993; Nelson, 1994; Hensley, 1997) .
The systematic of flatfish is poorly known and classification has been mainly performed using morpho-anatomic characters. The exhaustive revision by Chapleau (1993) , with morphological characters pointed out that previous classifications might be intuitive, simplistic and phylogenetically misleading. According to this author, the three suborders introduced by Hensley and Ahlstrom (1984) , and Ahlstrom et al. (1984) , should be reclustered into only two: Psettodoidei and Pleuronectoidei. In addition, this author proposed the existence of twelve families, suggesting that the subfamilies Achirinae Pleuronectinae, Poecilopsettinae, Rhombosoleidae and Samarinae should be elevated to the rank of family. More recently, Cooper and Chapleau (1998) , also included the family Paralichthodidae which comprises Paralichthodes algoensis, a problematic species previously classified within Samarinae. However, the relationships among the families of the order would not change, being essentially those proposed by Lauder and Liem (1983) , including the poor resolution in the suborder Pleuronectoidei due to the large number of polytomies. On the other hand, phylogeny of Pleuronectiformes using molecular data has been limited to a small number of species and/or families. In the work by Vernau et al. (1994) , based on protein electrophoresis and DNA/DNA hybridization, the family Soleidae appeared, in accordance with Hubbs (1945) , as the most primitive within the Pleuronectiformes, while others point to this family together with Cynoglossidae as the most specialized families of the group (Chapleau, 1993) . More recent sequence analyses (Tinti et al., 1999; Exadactylos and Thorpe, 2001) , were limited both in the number of species and families, and mainly devoted to solve intrafamily relationships. The recent report by Berendzen and Dimmick (2002) , represents the most complete study on flatfish phylogeny to date based on mtDNA sequences, and although most families of the order were included in their work, the number and origin of species within families were not always representative. Taking into account the consensus that Psettodidae is the most ancient family of the group, the relationships between most families are very controversial.
In order to gain a better understanding of the evolutionary relationships of Pleuronectiformes, we have analyzed the first half of the mitochondrial (mt) 16S rDNA gene to generate a molecular phylogeny with 30 species belonging to seven out of thirteen families described in this order (Chapleau, 1993; Nelson, 1994) . We have also taken data from the GenBank, both to obtain a better representation of some families as well as to get some insight into genetic differentiation between putative assemblages within some species of the group. For this analysis we have chosen the mtDNA 16S rRNA gene due to its effectiveness in previous studies for establishing the evolutionary relationships of lineages of similar divergence in fish (Alves-Gómes et al., 1995; Farias et al., 1999; Tinti et al., 1999; Tringali et al., 1999; Hanel and Sturmbauer, 2000) , and also because it is technically easy to obtain sequence information by selective gene amplification with universal primers (Brown, 1985) .
MATERIALS AND METHODS

Source of species analyzed
A total of 33 sequences from 30 species pertaining to seven of the thirteen families defined morphologically in this order (Chapleau, 1993; Cooper and Chapleau, 1998) , were analyzed (Table 1) . Most species were sampled in the Atlantic Ocean on the Galician (NW Spain) and Brazilian coasts, the rest of the samples were collected in the Cantabric Sea and Indian Ocean. Ten of the sequences were taken from the GenBank reported by Saitoh et al. (1995) , and . Three species (Solea senegalensis, S. lascaris, Buglossidium luteum) were analyzed from samples collected in both Atlantic and Mediterranean areas (Adriatic, Ionian and Mediterranean Sea; GenBank) to check for the existence of major genetic assemblages within these species.
Molecular analysis
Genomic DNA samples were obtained from fresh, frozen or ethanol-preserved muscle or liver tissues, homogenized in SSTNE extraction buffer (Blanquer, 1990) plus SDS (0.1%). Proteinase K (90 mg/mL) was added and samples incubated overnight at 56ºC. After 1 h at 37ºC with 0.2% RNAse (10 mg/mL), the total DNA was purified by standard phenol:chloroform extraction (Sambrook et al., 1989) and ethanol precipitation.
A section of mtDNA genome from the 16S rRNA gene (about 644 bp) was amplified with standard PCR techniques using the primers 16SH 5' CGCCTGTTTATCAAAAACAT 3' and 16SR 5' CCGGTCTGAACTCAGATCACGT 3' (Palumbi et al., 1991) . Around 150 ng of DNA template were amplified in a 50 µL reaction mixture containing 1 mM of each primer, 200 mM of each dNTP, 2.5 mM MgCl 2 , 2.5 U Taq polymerase (Amersham MOLECULAR FLATFISH PHYLOGENY 533 TABLE 1. -Species analyzed in this study both from natural sampling and GenBank data following the classification by Chapleau (1993) , and Cooper and Chapleau (1998 Pharmacia Biotech), and the corresponding buffer plus ddH2O. The thermal cycling conditions were: 94ºC (5 min), 33 cycles at 93ºC (1 min), 55ºC (1 min), 72ºC (3 min), and a final extension step at 72ºC (10 min). PCR products were visualized in 0.8% agarose gels stained with ethidium bromide and purified using the ConcertTM Rapid PCR Purification System (Gibco BRL). Both strands were sequenced for accuracy in each individual. Double-stranded DNA sequencing reactions were prepared using the Thermo Sequenase fluorescent labelled primer cycle sequencing kit with 7-deaza-dGTP (Amersham Pharmacia Biotech) for an ALF Express II sequencer. Sequences from the 30 species analyzed were initially aligned using the sequence alignment program of the ALFwinTM Sequence Analyser 2.00 (Amersham Pharmacia Biotech) and then using the alignment program CLUSTAL W (Thompson et al., 1994) . A final hand correction was applied before the phylogenetic analysis to examine the alignment generated and adjust it to make sure the final alignment made biological sense.
The correspondence between the alignment obtained and the proposed secondary structure of 16S rDNA of fish (Alves-Gómes et al., 1995) was evaluated to identify the segments corresponding to the loops and stems of our sequence. This allowed us to test the weight given to each subregion according to its presumptive evolutionary rate. An increasingly progressive weight from 0.5 to 1 was given to loops with regard to stems, according to the higher evolutionary rates of the former. The number of transitions and transversions was estimated using a maximum likelihood approach for all pairs of taxa, as well as the number of indels. Indels were included in the analysis as a fifth character state.
Phylogenetic analysis
When constructing phylogenies from molecular data both the composition of the ingroup and the choice of the outgroup can strongly affect whether the correct topology is attained. The uneven rates of molecular evolution can strongly affect the ability of tree-building algorithms to find the correct tree. Outgroup taxa can be assigned, either to a single sister clade (preferably the closest one), or through the addition of single taxa from different clades (Smith, 1994) . We checked the two possibilities outlined above by testing all the species of Perciformes available in the GenBank (22 species). Alternatively, some species members of more distantly related clades, such as Salmo salar (Salmoniformes, Protacanthopterygii), Aulopus purpurissatus and Chlorophthalmus sp (Aulopiformes, Cyclosquamata), and Hyporhamphus regularis (Atheriniformes, Atherinomorpha), were tested as outgroups to determine their effect on the overall tree topology.
Most parts of the analyses were executed using the PAUP v4.0b3 package (Swofford, 2000) , using different algorithms for phylogenetic reconstruction: neighbour joining (NJ), maximum parsimony (MP), and maximum likelihood (ML). By plotting the absolute number of changes against uncorrected divergence values we analyzed the saturation for transition and transversion changes in the sequence analyzed (Fig. 1 ). The best model of evolution that fitted to our data was obtained using the Modeltest v3.0 program (Posada and Crandall, 1998) . Thus, the GTR+I+G (General Time Reversible, Lavane et al., 1984; Rodríguez et al., 1990) , model was used both for ML and distance-based methods to obtain phylogenetic trees. Parsimony analysis was performed following a heuristic search with tree bisection reconnection (TBR) branch swapping, with 10 replicates of random stepwise addition. Maximum likelihood analysis was performed according to a Quartet Puzzling search (1000 replications). Confidence of phylogenetic hypotheses was estimated by bootstrapping (1000 replications; Felsenstein, 1985) (Fig. 3) .
To estimate the posterior probability of the phylogenetic trees, Bayesian analyses were also performed (Fig. 5) . The MrBayes program (Huelsenbeck and Ronquist, 2001) , was run with 6 substitution types (nst=6) that a GTR+I+G model performs. The MCMCMC (Metropolis-coupled Markov chain Monte Carlo) algorithm was used with four Markov chains, for 1000,000 to 2000,000 generations, sample frequency every 100 genera- tions and eliminating the 10% of the first trees obtained that represents those that did not reach the stationarity of the likelihood values.
RESULTS
One preliminary task was to choose the best outgroup to perform the phylogenetic analysis. When using all species of the order Perciformes available in the GenBank, they mostly appeared as a single clearly supported clade, but as a paraphyletic group within Pleuronectiformes. Additionally, the genetic distances observed with regard to Pleuronectiformes were high, and a large number of polytomies and low consistent values appeared in the trees obtained. These results suggested that it was necessary to look for other alternative species to polarize the trees.
In the other strategy, we added taxa that were presumably more distantly related. The best results were obtained with Aulopus purpurissatus and Hyporhamphus regularis. The number of polytomies within Pleuronectiformes decreased and the consistency values increased considerably when using these species as outgroups. Additionally, these species showed genetic distances within the range observed in the ingroup. In view of these results, we finally decided to include these last two species to polarize our analyses.
MOLECULAR
Thirty-five sequences, 33 pertaining to flatfish and 2 to the outgroups, Aulopus purpurissatus and Hyporhamphus regularis, were analyzed. The genetic subdivision analysis within three species of the order, Solea senegalensis, S. lascaris and Buglossidium luteum (Mediterranean area sequences obtained from the GenBank) are presented below. Therefore, we initially consider only the sequences of these three species collected in our sampling from the Atlantic area.
The aligned sequences from the 30 flatfish species and the outgroups of the first half of the 16S mt rDNA comprised 644 bp, exhibiting 326 constant sites and 239 phylogenetically informative for parsimony analysis. The average percentages of nucleotides for all taxa were: A, 29.07%; C, 25.83%; G, 22.36%; T, 22.74%. This content was essentially the same in all the taxa analyzed (P= 1.00).
The transition (Ts)/transversion (Tv) ratio was 1.25. Taking into consideration that choosing putatively divergent outgroups could increase the proportion of homoplasies, we checked the saturation of Ts and Tv changes by plotting the absolute number of changes against uncorrected percentage divergence values (Fig. 1) . The graphic evidenced that Ts and Tv increased linearly with p distances, indicating that substitutions were not saturated in the ingroup or between the ingroup and the outgroups. Therefore, all the information was retained for further analyses.
The percentage of divergence between the 32 species, including the outgroups, ranged from 0 for the two sequences of Solea senegalensis from the Mediterranean and Atlantic area, to 0.256 between Lepidorhombus whiffiagonis and Cynoglossus cynoglossus. This last species together with the other species from the Cynoglossidae family, Symphurus tessellatus, presented the highest distances from all other taxa. The two outgroups showed distances within the range observed in the ingroup. Another remarkable feature was the genetic distances obtained between the two species of the family Pleuronectidae, Platichthys flesus and Pleuronectes platessa, and the two species of Paralichthys analyzed. These distances ranged from 0.062 to 0.071, and were of the same order of closely related genera, in spite of belonging to different families according to morphological characters.
As indicated above, the species of the family Cynoglossidae evidenced high genetic distances with long branches in the tree obtained (Fig. 2) . As these fast-evolving species distorted the topology of the tree (low confidence values) probably due to the increment of homoplasies ("long branch attraction"; Le et al., 1993) , we decided to exclude them initially from the phylogenetic analysis.
The four analyses carried out, Bayesian, maximum parsimony (MP), maximum likelihood (ML) and Neighbour-Joining (NJ), which took into account the parameters estimated, yielded similar trees (Fig. 3) . However, the best levels of resolution were obtaining with the Bayesian, NJ and MP methods, especially at the internal nodes. The Bayesian, MP and NJ methods presented 16 out of 19, 14 out of 19 and 13 out of 20 resolved nodes respectively, with bootstrap values above 90%, while ML resolved consistently only 4 out of 19 nodes. The more terminal nodes were in general highly supported, that is, those which clustered species of the same genera or family, while the relationships among the different families showed lower consistency, with lesser concordance across the different methods applied.
There were two main discrepancies between the four methods within the families analyzed. One affected the relationship of Dicologoglossa cuneata with the remaining species of Soleidae: ML clustered D. cuneata with the species of the genus Solea, whereas the Bayesian, NJ and MP approaches branched it at the base of the family. The second discrepancy involved the species of the family Scophthalmidae (genus Scophthalmus and Lepidorhombus), where only the Bayesian and MP methods showed two branches, clustering each species within its genus as suggested by morphological data. As outlined, most families analyzed showed sound confidence values across the four methods performed, suggesting their monophyletic origin. All families, excluding Paralichthyidae, evidenced bootstrap values above 90%. However, the family Paralichthyidae appeared split into two consistent subgroups: Firstly into the Cyclopsetta group, defined morphologically by Hensley and Ahlstrom (1984) , and represented in this study by three of the four genera that make it up, Syacium, Citharichthys and Etropus, that appeared related to the families Bothidae and Achiridae with the four methods of reconstruction employed (Paralichthyidae I). The other group included the genera Pseudorhombus and Paralichthys, and was soundly clustered with the family Pleuronectidae (Paralichthyidae II).
Although some of the phylogenetic reconstruction methods showed values above 50% at the most internal nodes, concerning the monophylia of the group or the relationships among families, these results were not consistent across all methods analyzed. The best supported result was the splitting of Pleuronectiformes into two groups, one constituted by the family Soleidae, and the other by the remaining families. Within this group, one of the most striking findings was the relationship between three paralichthyids (Paralichthyidae II) and the pleuronectids, supported by a bootstrap value above 90% in Bayesian, MP and NJ. Additionally, the rela-MOLECULAR FLATFISH PHYLOGENY 537 FIG. 3 . -Phylogenetic relationships between the taxa of Pleuronectiformes analyzed. Numbers above branches represent the posterior probability (in percentage) or bootstrap values obtained for Bayesian inference and maximum-parsimony, and below for neighbour-joining and maximum-likelihood. When a particular branch was not recovered by a specific method or the posterior probability or bootstrap value were under 50%, two hyphens replace the corresponding bootstrap value.
tionship between Achiridae, Bothidae and the Cyclopsetta group of Paralichthydae (Paralichthyidae I) appeared supported in all cases above 65%, while Scophthalmidae and Pleuronectidae + Paralichthyidae II were clustered together above 50% only with the Bayesian and ML approach. As outlined before, three species analyzed (Solea senegalensis, S. lascaris and Buglossidium luteum) were collected both from Atlantic (present work) and Mediterranean areas (GeneBank) respectively. When these sequences were introduced into the analysis (Fig. 4) , the two sequences of S. senegalensis clustered together with a null genetic distance between them. The two sequences of S. lascaris constituted a single clade together with S. impar, in which the sequence of S. lascaris of Mediterranean origin clustered with S. impar, while our sequence from the Atlantic appeared as the basal one of the groups. The most striking result was obtained with the two sequences of B. luteum. The sequence from the Mediterranean appeared clustered to the family Scophthalmidae, closely related to Lepidorhombus boscii, while the sequence analyzed from the Atlantic area was related to the family Soleidae, as expected according to morphological data.
Finally, when the two species of Cynoglossidae omitted were introduced for the bootstrap replications (data not shown), the trees obtained showed a great number of polytomies and lower support, although the two members of this family appeared grouped together.
DISCUSSION
16S rDNA as a Phylogenetic Marker
Conservation of primary and secondary structures of 16S rDNA from fish to land vertebrates, including humans, appears to be well supported according to different authors (Alves-Gomés et al., 1995; Orti, 1997; Stepien et al., 1997) . This suggests that functional constraints exert a strong selective pressure at the molecular level. However, the rate of nucleotide substitution in this region of the mitochondrial genome is not constant across all sites and 538 B. G. PARDO et al. there appears to be different substitution rates in loops (high) and stems (low) of its secondary structure. Our results indicate that in Pleuronectiformes, the 16S rDNA as a whole has not yet reached complete saturation. Mindell and Honeycutt (1990) , have suggested that transitions in both the 12S and 16S rRNA genes do not saturate up to 30% nucleotide divergence in other vertebrates. In our case the maximum divergence detected was lower than 26%, which supports this observation. Dixon and Hillis (1993) , have suggested that stems should be weighted no less than 0.8 in relation to loops. Applying different weights in our analysis of both regions did not essentially affect the results obtained, although the best supported trees were obtained when the same weight was applied, which is in accordance with the results reported by Dixon and Hillis (1993) . The values obtained for the average percentages of nucleotides were very close to those observed in other fish species (Alves-Gómes et al., 1995; Farias et al., 1999; Tringali et al., 1999) , although the GC content, 48.2 %, was slightly higher in our study. Chapleau (1993) , suggested that to have any scientific value, the polyphyletic hypothesis on the origin of pleuronectiforms should be based on apomorphic characters shared by different flatfish and symmetrical fish groups, which does not appear to be the case. Likewise, the first comprehensive molecular analysis of phylogenetic relationships among flatfishes by Berendzen and Dimmick (2002) , strongly supports the monophyletic origin of flatfishes. The results obtained in our work by using the 16S rDNA do not definitively support any of these hypotheses, although some of the methods performed in our analysis suggest monophyly as the most probable one.
Phylogenetic relationships within Pleuronectiformes
In relation to the sister group of Pleuronectiformes, in our study, when the species of perciforms available in the GenBank (22 species) were used to polarize our trees, most species appeared clustered as a single paraphyletic group within Pleuronectiformes, but with large genetic distances compared with those of the ingroup. However, some species of Atherinomorpha and Cyclosquamata (Hyporhamphus regularis and Aulopus purpurissatus, respectively), that are presumably more divergent, showed lower genetic distances, and gave more statistical support to the phylogenetic trees obtained for Pleuronectiformes. Therefore, the results obtained in the present study do not support percoids being the sister group of Pleuronectiformes.
Finally, in our work, 30 species and 7 families out of 13 of the order Pleuronectiformes were analyzed using sequencing data of the first half of the 16S rDNA. In relation to previous data, our results confirmed the polyphyletic origin of Paralichthyidae in agreement with Chapleau (1993) and Berendzen and Dimmick (2002) . Paralichthyidae appeared divided into two groups, one group was constituted by the genera Paralichthys and Pseudorhombus (Paralichthyidae II), which were soundly related to the members of the family Pleuronectidae which were analyzed. A relationship between species of Pleuronectidae and several paralichthyid genera had been previously suggested by Tinti et al. (1999) , and Berendzen and Dimmick (2002) , following the analysis of mtDNA sequences. On the other hand, the remaining genera, Citharichthys, Etropus and Syacium (Paralichthyidae I), which belong to the monophyletic group Cyclopsetta Chapleau, 1993) , appeared related to the members of the families Bothidae and Achiridae analyzed in the present study. This relationship has also been indicated by Hensley and Ahlstrom (1984) , Chapleau (1993) and Berendzen and Dimmick (2002) , but only between the bothids and the Cyclopsetta group. Available chromosome data also points in the same direction. The karyotypes of the family Pleuronectidae are the closest ones to the ancestral condition proposed for Pleuronectiformes (Le Grande, 1975; Pardo et al., 2001; 2n=48) . This karyotype (2n=48) is also shared by Paralichthys olivaceus (Kikuno et al., 1986) , while Pseudorhombus arsius shows a diploid number of 2n=46 (Patro and Prasad, 1981) , a karyotype also present in the Pleuronectidae and easily explained by a single centric fusion from the ancestral karyotype. However, cytogenetic data of the members of the Cyclopsetta group evidenced much more evolved karyotypes (Citharichthys spilopterus: 2n=28, Le Grande, 1975; Etropus crossotus: 2n=38, Le Grande, 1975; Sola et al., 1981) , such as those observed in the families Achiridae and Bothidae (2n= 40, Le Grande, 1975; 2n=38, Vitturi et al., 1993, respectively) . This group together with the family Cynoglossidae constitutes the most evolved karyotypes of the order Pleuronectiformes. All these data strongly suggest including the genera Paralichthys and Pseudorhombus in the Pleuronectidae family, and the species of the Cyclopsetta group in the Bothidae and Achiridae families, constituting a single well supported clade.
Unlike the family Paralichthyidae, the remaining families analyzed in our study appeared highly consistent as monophyletic groups. Our results support the family range for Achiridae in agreement with Chapleau and Keast (1988), and Chapleau (1993) . However, it was not possible to fully establish the relationships between all the families of flatfish analyzed, like in other studies of flatfish phylogeny (Chapleau, 1993; Berendzen and Dimmick, 2002) . The most supported hypothesis splits Soleidae from the remaining families as a single monophyletic group. This is in accordance with previous data, but it does not resolve the basal family within the order. Our analyses were not consistent with data obtained by Berendzen and Dimmick (2002) , which recognized a close relationship between Achiridae and Soleidae. In our study Achiridae appeared consistently related to Bothidae and the group Cyclopsetta as a single clade, while the relationship between Scophthalmidae and Pleuronectidae was weakly supported.
One possible cause for our limited success at resolving some of the internal nodes in the tree of the pleuronectiform phylogeny (monophyly, sister group, family interrelationships) may be the existence of different substitution rates along the molecule (loops and stems), which could disturb the analysis, although our data suggest that this does not appear to be a major problem. Another cause concerns the possibility of a fast evolutionary radiation within Pleuronectiformes, from which each group would have evolved independently and therefore the phylogenetic signal among families is very weak. The high degree of divergence between the different families was also suggested by Vernau et al. (1994) , to explain the difficulty in establishing the links between the different families of pleuronectiforms. These authors proposed two hypotheses that could explain this magnitude of divergence: i) these families share a common ancestor that is older than that proposed until now (Eocene); and ii) the evolutionary rates of this order could be higher than other related orders. The lack of a good fossil record and the difficulty for finding diagnostic marker positions in rapid radiations at the molecular level makes it difficult to rule out these hypotheses.
Research dealing with a small number of species or with unequal representation within the order taken as generalizations for the entire order should be considered with caution (Hensley, 1997) . To resolve a complex phylogeny such as that seen in Pleuronectiformes, it is essential, therefore, to conduct purposeful taxonomic sampling that increases phylogenetic accuracy (Hillis, 1998) . Therefore, we have analyzed jointly the 16S rDNA information of our data and that of Berendzen and Dimmick (2002) , making up a total of 73 species of Pleuronectiformes. The resulting Bayesian tree is presented in Figure 5 , where the main clusters previously cited are also supported. As the previous analyses showed, in the present work all the families are clustered in monophyletic groups except the family Paralichthyidae that splits into two different groups (Paralichthyidae I and II, see Figure 3 ) and the family Citharidae. Unfortunately, excluding the closed relationship between Pleuronectidae and Paralichthyidae II and Achiridae and Poecilopsettidae the joint analysis of data could not solve the relationships between the different families, since the relationship between Paralichthyidae I, Bothidae, Cynoglossidae, Samaridae, Citharidae and Psettodes on one side and Scophthalmidae, Achiridae and Poecilopsettidae on the other was not soundly established.
Finally, we have analyzed the possible existence of genetic assemblages within some species pertaining to Mediterranean and Atlantic areas (Solea senegalensis, S. lascaris and Buglossidium luteum), which are regions that define strong genetic divergence in many marine species. The two sequences of S. senegalensis clustered together with a bootstrap value of 100%, suggesting small divergence between both regions in this species. However, the two sequences of S. lascaris did not cluster together, the sequence of S. lascaris from the Mediterranean area appeared more closely related to S. impar than to S. lascaris from the Atlantic. Borsa and Quignard (2001) , also obtained this result, and this together with the genetic distances obtained in the present work (S. lascaris Mediterranean area-S. lascaris Atlantic area= 0.031; S. lascaris Mediterranean area-S. impar= 0.012), point to the existence of an important geographic differentiation in this species, as well as that S. impar could be another assemblage of the same species within the Mediterranean area. The most striking result concerned the two sequences of B. luteum. The resulting phylogenetic position of the sequence provided by , was totally unexpected because it appeared clustered with Lepidorhombus boscii of the family Scophthalmidae, while our sequence from the Atlantic area was confidently placed within the soleid clade, in accordance with morphological data. This contradictory result can be explained by an incorrect classification of the specimen in the study by , as such a degree of divergence within a single species is not possible. This explanation could also account for the incongruent results obtained by these authors in comparison with those suggested either by morphological data (Quéro et al., 1986) , or by other mtDNA data sets .
In summary, we have initiated the way towards a unifying hypotheses regarding pleuronectiform phylogeny, by combining analyses of mtDNA sequences and previous chromosomic and morphologic data. However, further work remains to be done with additional information from more slowly evolving genome segments to provide new data at the most internal nodes where flatfish phylogeny remains unclear.
